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Abstract A pyranose 2-oxidase gene from the
brown-rot basidiomycete Gloeophyllum trabeum was
isolated using homology-based degenerate PCR. The
gene structure was determined and compared to that of
several pyranose 2-oxidases cloned from white-rot
fungi. The G. trabeum pyranose 2-oxidase gene
consists of 16 coding exons with canonical promoter
CAAT and TATA elements in the 5'UTR. The
corresponding G. trabeum cDNA was cloned and
contains an ORF of 1,962 base pairs encoding a 653
amino acid polypeptide with a predicted molecular
weight of 72 kDa. A Hisx6 tagged recombinant
G. trabeum pyranose 2-oxidase was generated and
expressed heterologously in Escherichia coli yielding
15 U enzyme activity per ml of induced culture.
Structural alignment and phylogenetic analysis were
performed and are discussed.

Keywords Gene cloning - Gloeophyllum trabeum -
Glucose oxidase - Pyranose 2-oxidase

Introduction

The enzyme, pyranose 2-oxidase (P20x) (EC 1.1.3.10),
catalyzes the oxidation of several aldopyranoses
and disaccharides at the C-2 position yielding the

D. Dietrich - C. Crooks ()

USDA Forest Products Laboratory, Madison, WI 53726,
USA

e-mail: ccrooks@fs.fed.us

corresponding 2-keto sugars (Giffhorn 2000). In
addition to O, serving as an electron acceptor, P20x
can also use a number of quinones and metal ions as
electron acceptors. The specific activity of P20x varies
considerably depending on the mono or disaccharide
substrate used, with p-glucose as the preferred sub-
strate. Given the range of both potential substrates and
electron acceptors, P20xs show potential for several
biotechnological applications including carbohydrate
modification, fine chemical production, antibiotics,
and as a bio-element in sensors and biofuel cells
(Tamaki et al. 2007). These enzymes are FAD-
dependent and harbor a number of highly conserved
features including the FAD-binding site consisting of
four separate subregions, a flavin attachment loop, and
a C-terminal substrate binding domain. Several P20Oxs
have been isolated, cloned and characterized from a
number of white-rot fungi (de Koker et al. 2004;
Leitner et al. 1998; Vecerek et al. 2004; Danneel et al.
1993). While activity in brown-rot fungi, no corre-
sponding gene has yet been isolated and characterized
(Volc et al. 1985).

The purpose of this study was to identify a pyranose
2-oxidase gene in the representative brown-rot fungus,
Gloeophyllum trabeum, compare this to the several
known P20xs from white-rot fungi, and engineer a
cDNA for heterologous expression of this enzyme.
We prepared degenerate nucleotide primers from
several highly conserved regions of white-rot fungi
P20x and amplified a small region of the G. trabeum
P20x gene. Starting from this segment genome
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walking was performed, the full gene was isolated, and
appropriate primers were used to isolate a full-length
cDNA from purified mRNA. Recombinant P20x was
expressed in E. coli and the enzymatic activity was
demonstrated.

Materials and methods
Microorganisms

Gloeophyllum trabeum MAD-617 (ATCC 11539)
was used for this study. E. coli DH5o and BL21(DE3)
(Novagen) were used as hosts for DNA manipulation
and recombinant protein expression, respectively.

Genomic DNA purification

A mycelial fragment was inoculated into 50 ml malt
extract broth in a 1 1 Erlenmeyer flask and incubated
at 28°C and 100 rpm for 7 days. Mycelia were
harvested by filtration through Miracloth (Calbio-
chem) snap-frozen in liquid N, and ground to a fine
powder using a mortar and pestle. The ground mycelia
were suspended in extraction buffer [200 mM Tris/
HCI pH 8.5, 250 mM NaCl, 25 mM EDTA, 0.5%
(w/v) SDS] and extracted twice by mixing thoroughly
with an equal volume of phenol/chloroform/isoamyl
alcohol (25:24:1, by vol.), incubated on ice for
15 min, and centrifuged at 4,000x g for 45 min. The
recovered aqueous phase was supplemented with
50 pl 10 mg RNase A/ml and incubated at 37°C for
10 min followed by 56° for 15 min. Proteinase K was
then added at 0.5 mg/ml and the mixture held at 56°C
for 3 h. Nucleic acid was then precipitated by addition
of an equal volume of 2-propanol, washed in 70%
(v/v) ethanol, and resuspended in an appropriate
volume of TE buffer (10 mM Tris/HCI, 1 mM EDTA,
pH 8.0).

Gene cloning of G. trabeum P20x

The P20x gene from G. trabeum was isolated by
redundant PCR using 200 ng genomic template,
200 pmol each of redundant primers 5'-GGZGGZA
TGKCZACNCAYTGGACN-3' (forward, 64-fold
complexity) and 5-CIARICCIGGITCCATRAAYT
GNGG-3' (reverse, 32-fold complexity) correspond-
ing to highly conserved regions in the substrate
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binding domain of known P20x as indicated (Fig. 1).
Thermal cycling was at 94°C for 2 min followed by
40 cycles of 94°C for 45 s, 53° for 45 s, 72° for 2 min
with a final 7 min extension at 72°C. Products were
gel purified, recovered using solid phase extraction
(Qiagen), A-tailed and cloned into pGemTeasy
(Promega) for DNA sequencing according to the
manufacturer’s instructions. Based on this P20x gene
fragment, appropriate specific primers were gener-
ated iteratively and used with the Universal Genome
Walker kit (Clontech) to recover the full gene.
Subsequence genomic DNA purification for overlap-
ping sequence confirmation was performed using
the ZR Genomic DNA Kit (Zymo Research). All
sequencing reactions were performed using the
BigDye Terminator kit (Applied Biosystems) accord-
ing to the manufacturer’s instructions and analyzed at
the University of Wisconsin Biotechnology Center.

cDNA purification and cloning

Mycelia were prepared as described above and RNA
was recovered using a Dynabead extraction kit
(Invitrogen) and further purified using the Oligotex
mRNA kit (Qiagen). First strand synthesis was
performed using an Accuscript Kit (Stratagene)
according to the manufacturer’s instructions. Gloeo-
phyllum trabeum P20x was amplified from this
cDNA using Pfu proofreading DNA polymerase
(Stratagene) with primers 5-ATGTCCCTCAGCCC
TGATGAC-3' (forward) and 5-CCGTAAATCTCA
GGTCCCTTCTGACA-3' (reverse). The product was
gel purified and cloned into pCR-Blunt (Invitrogen)
and sequenced as described above.

Heterologous expression of G. trabeum P20x

The G. trabeum P20x cDNA was amplified using
primers 5'-CGCGGATCCATGTCCCTCAGCCCT-3’
(forward) and 5'-CAGAAGCTTTGCGGCTCCT CG
AATCCAAGC-3' (reverse) which introduce BamH]1
and HindIII restriction sites, respectively as indicated
by underlining. This fragment was introduced into the
BamHI-HindIIl interval in pET2la(+) (Novagen)
resulting in an in-frame fusion with the N-terminal
T7-tag and the C-terminal Hisgtag. The resulting
plasmid was transformed into E. coli BL21(DE3)
for expression. A fresh colony was inoculated into
25 ml Terrific Broth (TB) supplemented with 100 pg
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GtP20x ----- MSLSPDDP---FFGFDNGGWLSKPARALADHATRAGVFGYAPAALSLPPLPRLPDPGVPPEGIPKYDIVIAESEP 72
PgP20x AHSLPPLP-GPGDLPPGMNV-EYDVAIV[ESEP 56
ThP20x AHSLPPLP-GPGDLPPGMNV-EYDVAIV{ESEP 56
TpP20x ATSLPPLP-GPDQKVPGMDI-KYDVVIV[ESEP 56
TvP20x - -MSTSSSDP---FFNFTKSSFRSAAAQKAS- -ATSLPPLP-GPDKKVPGMDI-KYDVVI P 56
ToP20x - -MSTSSSDP---FFNFAKSSFRSAAAQKAS- -ASSLPPLP-GPDKKVPGMDI-KYDVVI P 56
PsP20x - -MSTSSSDP---FFNFAKSSFRSAAAQKAS- -ASSLPPLP-GPDKKVPGMDI-KYDVVI P 56
PCcP20X —--—-----——————— o MFLDTTPFRAD------— - Sep 23
EnP20x MQYSRMTATRENPKYKNLRVEECDVLSKGSTTNP- P 51
TmP20x ---MPIRLSKE------- KINDLLQRSQGDLTSS--=--=-==-—=-—-=-—--— Q--=---= DE----IVHYTDVFL P 41
\4 \4 A\
GtP20x GSHKKNAIEYQKNIDKFVH 121
PgP20x -GSHKKNTVEYQKNIDKFVN 105

ThP20x IGCTYRRE@MVEAGF-
TpP20x IGCTYRREMVEAGY-
TvP20x IGCTYRRERVEAGY---------
ToP20x IGCTYRRERVGAGY---------
PsP20x IGCTYRREBVGAGY-

~KVAMFDI[EEIDSGLKI

~GSHKKNTVEYQKNIDKFVN 105
-GAHKKNTVEYQKNIDKFVN 105
GAHKKNTVEYQKNIDKFVN 105
GAHKKNTVEYQKNIDKFVN 105
GAHKKNTVEYQKNIDKFVN 105

PcP20x IGATFEKLCVDANL fffffffff RVCMVEIEAADSFTSKPMKGDPNAPRSVQFGPGQVPIPGYHKKNEIEYQKDIDRFVN 94

EnP20x VGATYMREILDPGSGASPGRKAPKVIMVET@AQESKVP--

TmP20x IACTYRRHIIDNTS

-GEHKKNAVVYQKHIDSFVN 108
GAHHRNSIKFQKDTDKFVN 91

v Yo e Yo
GtP20x VIQGQLMPVSVPINKLVADTLSP----- SSWQASRHFVRNASNPEQNPFRNLGGQAVTRVVEEMSTHWICATPRFHR--- 193
PgP20x VIQGQLMPVSVPVNTMVVDTLSP ASWQASTFFVRNGANPEQDPLRNLSGQAVTRVVEEMSTHWICATPRFEK--~- 177
ThP20x VIQGQLMPVSVPVNTMVVDTLSP ASWQASTFFVRNGANPEQDPLRNLSGQAVTRVVEEMSTHWICATPRFEK--~- 177
TpP20x VIQGQLMSVSVPVNKLVVDTLSP TSWQASTFFVRNGSNPEQDPLRNLSGQAVTRVVBEMSTHWTCATPRFDR--- 177
TvP20x VIQGQLMSVSVPVNTLVIDTLSP TSWQASSFFVRNGSNPEQDPLRNLSGQAVTRVVBEMSTHWTCATPRFDR--- 177
ToP20x VIQGQLMSVSVPVNTLVVDTLSP TSWQASTFFVRNGSNPEQDPLRNLSGQAVTRVVEEMSTHWTCATPRFDR--- 177
PsP20x VIQGQLMSVSVPVNTLVVDTLSP----- TSWQASTFFVRNGSNPEQDPLRNLSGQAVTRVVEEMSTHWTCATPRFDR--- 177
PcP20x VIKGALSTCSIPTSNNHIATLDPSV---VSNSLDKPFISLGKNPAQNPFVNLGAEAVTRGVEEMSTHWTCATPEFFAPAD 171
EnP20x EKQ-------—-—-~— NFN=-—===m == mmmmmmm e e GONKEQNIYHNLDANGVSRNVEEMSTHWTCATPRQHE--- 151
TmP20x IINGALQPISISPSDTYQPTLAVAAWAPPIDPAEGQLVIMGHNPNQEAGLNLPGSAVTRTVEMATHWTCACPTPHD--- 168
GtP20x ----- MERPKLVRDDNAADDEEWNRLYREAEQF IATGHSQFERSTRHTLVLETLRDSYNGT - - -RAFEQIPLAATRTDPD 265
PgP20x ----- LORPLLVKNDPVADDAEWDRLYKKAESYFKTGTTQFAESIRHNLVLKKLQEEYKGV---RDFQQIPLAATRQSP- 248
ThP20x ----- LORPLLVKNDSKADDAEWDRLYKKAESYFKTGTTQFAESIRHNLVLKKLQEEYKGV---RDFQQTIPLAATRQSP- 248
TpP20x -----EQRPLLVKDDPDADDAIWDQLYTKAESYFKTGTDQFNESIRHNLVLNKLAEEYKGQ---RTFQQIPLAATRRNP- 248
TvP20x ----- EQRPLLVKDDQDADDAEWDRLYTKAESYFKTGTDQFKESIRHNLVLNKLAEEYKGQ---RDFQQTIPLAATRRSP- 248
ToP20x ----- EQRPLLVKDDADADDAEWDRLYTKAESYFQTGTDQFKESIRHNLVLNKLTEEYKGQ---RDFQQIPLAATRRSP- 248
PsP20x —---- EQRPLLVKDDADADDAEWDRLYTKAESYFQTGTDQFKESIRHNLVLNKLAEEYKGQ---RDFQQTPLAATRRSP- 248
PcP20x FNAPHRERPKLS-TDAAEDARIWKDLYAQAKEIIGTSTTEFDHSIRHNLVLRKYNDIFQKENVIREFSPLPLACHRLTDP 250
EnP20x —---- LER----- SK-IFDDATWDRLYKRAEELIGTRTDVLDQSIRQRLVLDILRKKFKN----RDAKALPLAAEK-VEG 215
TmP20x ----- EER-—-—- VNNPVDKQEFDALLERAKTLLNVHSDQYDDSIRQIVVKETLQQTLDAS---RGVTTLPLGVERRTDN 235
GtP20x  SQFIQWSSAHTVFDLEDRPNTTHPGERFNEFPGVMCTQVI----RNSENTAIKSIRVQDVTAPN 331
PgP20x  -TFVEWSSAHTVFDLENRPNKDAPKQRFNEFPAVACTSVR- 311
ThP20x -TFVEWSSAHTVFDLENRPNKDAPKQRFNEFPAVACTNVR- 311
TpP20x -TFVEWSSANTVFDLONRPNIDAPEERFNEFPAVACERVM----RNASNTAIESLHIRDLIS 311
TvP20x -TFVEWSSANTVFDLONRPNTDAPNERFNEFPAVACERVV----RNTSNSEIESLHIHDLIS 311
ToP20x -TFVEWSSANTVFDLONRPNTDAPEERFNEEFPAVACERVV- 311
PsP20x -TFVEWSSANTVFDLONRPNTDAPEERFNEFPAVACERVV----RNALNSEIESLHIHDLIS 311
PcP20x -DYVEWHATDRILEELFTDPVKR--GRFTELTINHRCTKLVFKHYRPGEENEVDYALVEDLLPHMONPGNPASV----KKI 323
EnP20x KNLIKWSSSSTVLGNLLEDE--K----FTLDQHHCEKLEFN--DET--NKVSFAIIKNLAKPQ------ TSKEDEDRLR 279
TmP20x PIYVTWTGADTVLGDVPKSP------ REVBVTETRVTKFIVS--ETNP-TQVVAALLRNLN---~----~~ TSN---DELV 294

GtP20x SADVFILVTE-AVHNPQIBVNSG
PgP20x KAKVYILTAE-AVHNAQLEAASGFE

Fig. 1 Alignment of G. trabeum MAD-617 P20x (GtP20x;
accession ACJ54278) translated from cDNA with P20x from
Peniophora gigantea (PgP20x; accession GI:34452037),
Trametes hirsuta (ThP20x; accession GI:25091016; Christen-
sen et al. 1999), Trametes pubescens (TpP20x; accession
GI: 57867849), Trametes versicolor (TvP20x; accession
GI:25091018; Nishimura et al. 1996), Trametes ochracea
(ToP20x; accession GI:31044224) Peniophora sp. (PsP20x;
accession GI:274364221), Phanerochaete chrysosporium
(PcP20x; accession AY522922; de Koker et al. 2004) and

ampicillin/ml and incubated at 37°C and 150 rpm for
6 h. This culture was then used to inoculate 225 ml
TB/ampicillin at 37°C and 150 rpm for an additional
2 h. These cultures were then supplemented with 5 g
lactose/l and incubated at 25°C and 150 rpm for 16 h.
Bacteria were harvested by centrifugation at 10,000x g

ffffKLGRPDASDANEGVLLPFLESFITEQTLAFCQTVLSKELVNN 397
ffffQLGRPDPAKPLP*SLLPYLETHITEQTLVFCQTVMSTELINS 376

Trametes multicolor (TmP20x; accession GI: 215794594;
Leitner et al. 2001). Grey shaded amino acids represent identity
to GtP20x. Solid lines above sequence indicate FAD-binding
regions. Dotted line above sequence indicates flavin attachment
loop, dashed line above sequence indicated substrate binding
domain, underlined GtPO2x sequence indicates regions suc-
cessfully used for degenerate PCR primers, down arrow head,
indicates intron locations and black shaded amino acids with
white typeface indicates GMC-OXRED consensus residues
(Albrecht and Lengauer 2003)

for 10 min at 4°C. The pellet was resuspended in 25 ml
lysis buffer (50 mM KPO,, 1 M NaCl, 5 mM imidaz-
ole, pH 6.5) and disrupted by two passages through a
French press at 100 mPa. Lysates were clarified by
centrifugation at 30,000x g for 30 min at 4°C and fil-
tered through 0.45 M PVDF membranes (Millipore).
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ThP20x
TpP20x
TvP20x
ToP20x
PsP20x
PcP20x
EnP20x
TmP20x

GtP20x
PgP20x
ThP20x
TpP20x
TvP20x
ToP20x
PsP20x

--QLGRPDPAKPLP-SLLPYLETHITEQTLVFCQTVMSTELINS
KLGRPDPANP-P-ELLPFLESYITEQSLVFCQTVMSTELIDS
--QLGRPDPANP-P-QLLPSLESYITEQSLVFCQTVMSTELIDS
KADVYVLTAR-AVENTQLBVNSG! -- --QLGRPNPANP-P-ELLPSLESYITEQSLVFCQTVMSTELIDS
KADVYVLTA®- AVENTQLBVNSGF{g- - - - - --QLGRPNPTNP-P-ELLPSLESYITEQSLVFCQTVMSTELIDS
AVATAQVEANSHIPPDDVVIPFPGGEKGSGGGERDATI PTPLMPMLEKY ITEQPMTFCQVVLDSSLMEV
PILTPQI@FKSGFRYD----------- EEDAEDSEGNKSSLY I PALERNLTEQTMCFCQIVLKDKWVEE
AVCTPQIEWNSNIRP-—— === —===—===——=——————— - HALERYLSEQSMTFCQIVLKRSIVDS

KADVFVLTAE-AVANAQLEVNSG

VKADMRVSGTPGQPDYKVEWTPGDPANKHPDWWNEKVWKHMMEHQ - -EDPLPIPLHDPEPQVTTLFEDSHPWHTQIHRDA
VTADMTIVGKPGDPDYSVTYTSGSPNNKHPDWWNEKVKKHMMDHQ - -EDPLPIPFEDPEPQVTTLFKASHPWHTQIHRDA
VTADMTIVGKPGHPDYSVTYTPGNPNNKHPDWWNEKVKKHMMDHQ--EDPLPIPFEDPEPQVTTLFQATHPWHTQIHRDA
VKSDMTIIGNPGELGYSVSYMPGASTNKHPDWWNEKVONHMMQOHQ--EDPLPIPFEDPEPQVTTLFQPSHPWHTQIHRDA
VKSDMIIRGNPGDLGYSVTYTPGAETNKHPDWWNEKVKNHMMQHQ--EDPLPIPFEDPEPQVTTLFQPSHPWHTQIHRDA
VKSDMTIRGTPGELTYSVTYTPGASTNKHPDWWNEKVKNHMMQOHQ--EDPLPIPFEDPEPQVTTLFQPSHPWHTQIHRDA
VKSDMTIRGTPGELTYSVTYTPGASTNKHPDWWNEKVKNHMMQOHQ--EDPLPIPFEDPEPQVTTLFQPSHPWHTQIHRDA

376
375
375
375
375
402
348
345

475
454
454
453
453
453
453

PcP20x VR--------- NPP----—-- WPG------ LDWWKEKVARHVEAFP--NDPIPIPFRDPEPQVTIKFTEEHPWHVQIHRDA 459

EnP20x
TmP20x

FSYGAVAESIDTRLVVDWRFFGRTEPKEENKLWFSKQ-
FSYGAVQQSIDSRLIVDWRFFGRTEPKEENKLWFSDK
FSYGAVQQSIDSRLIVDWRFFGRTEPKEENKLWFSDK
FSYGAVQQSIDSRLIVDWRFFGRTEPKEENKLWFSDK-
FSYGAVQQSIDSRLIVDWRFFGRTEPKEENKLWF SDK -
FSYGAVQQSIDSRLIVDWRFFGRTEPKEENKLWF SDK -
FSYGAVQQSIDSRLIVDWRFFGRTEPKEENKLWFSDK -
FSYGAVAENMDTRVIVDYRFFGYTEPQEANELVFQQH-
FSYGAVPPAIDKRTIVDLRYFGRAETQWRNRVTFSKK

GtP20x
PgP20x
ThP20x
TpP20x
TvP20x
ToP20x
PsP20x
PcP20x
EnP20x

--NWGPECEEHRRKYDEEDDPLRIPFDDLDPQVTLPFTENTPWHTQIHRDA 401
RFAAKVEAHKKKHP--DDVLPIPFHEPEPQVMIPYTSDFPWHVQVHR-~- 395

Y
-ITDQYGMPQPTFDFRFPDGITSQDADRMMTDMCE 546

777777777 ITDAYNLPQPTFDFRFPGGR---EAEDMMTDMCV 522
————————— ITDAYNLRQPTFDFRFPGGR---EAEDMMTDMCV 522

-ITDAYNMPQPTFDFRFPAGRTSQEAEDMMTDMCV 524
-ITDTYNMPQPTFDFRFPAGRTSKEAEDMMTDMCV 524
-ITDAYNMPQPTFDFRFPAGRTSKEAEDMMTDMCV 524
-ITDAYNMPQPTFDFRFPAGRTSKEAEDMMTDMCV 524
~YRDAYDMPQPTFKFTMSQDDR-ARARRMMDDMCN 529

777777777 LTDAYGMPQPTFDFKLSTKDR-LESHRMMQDMEK 471

TmP20x YAFGDVGPKADPRVVVDLRFFGKSDIVEENRVTFGPNPKLRDWEAGVTDTYGMPQPTFHVKRTNADG-DRDQRMMNDMTN 474

______ D ZS N —— A
GtP20x MSSKIGGFLPGSNPQWMEPGLVLELGGT
PgP20x MSAKIGGFLPGSYPQFMEPGLVLELGGTH-
ThP20x MSAKIGGFLPGSYPQFMEPGLVLELGGTH-

ToP20x MSAKIGGFLPGSLPQFMEPGLVLELGGTH—
PsP20x MSAKIGGFLPGSLPQFMEPGLVLELGGTH—
PcP20x

Y

RMG- -FDEQED-KCCVDTDSKVFGFENMFLGGCGNIG--TAYASNPTL 618
RMG- -FDEKAD-KCCVDTDSRVFGFKNMFLGGCGNI[- -TAYAANPTL 594
RMG- -FDEKAD-KCCVDTDSRVFGFKNMFLGGCGNI[J- -TAYAANPTL 594
TpP20x MSAKIGGFLPGSLPQFMEPGLVLELGGTH———RMG——FDEQED—NCCVDTDSRVFGFNNEFLGGCGNI
TvP20x MSAKIGGFLPGSLPQFMEPGLVLELGGTH———RMG——FDEQED—KCCVNTDSRVFGFKNEFLGGCGNI

596

596

RMG- -FDEKED-NCCVNTDSRVFGFKNBFLGGCGN I 596
RMG--FDEKED-NCCVNTDSRVFGFKNBFLGGCGNIE 596

IALKIGGYLPGSEPQFMTPGLALEILAGTT- - -RCG--LDTQ- - -KTVGNTHCKVHNFNNBYVGGNGVIE--TGFAANPTL 599

EnP20x VAGELGGYLPGSEPQFLAPGLALEVCGTTAALRKGCRSEDEMKRISVCDENSKVWGVENBHLGGLNVIEGPRSNASNPTL 551
TmP20x VANILGGYLPGSYPQFMAPGLAQEITGTT---RIG--TDDQ---TSVADPTSKVHNFDNBWVGGNGCI[--DATACNPTR 544

TAMAMAIKSCEYIKKNFKPSEIGSSDNRAWIRGAA
TAMSLAIKSCEYIKKNFEPSPNPVKHHN
TAMSLAIKSCEYIKKNFEPSPNPVKHHN
TAMSLAIKSCEYIKKNFTPSPFTPAQ
TAMSLAIKSCEYIKNNFTPSPFTDQAE
TAMSLAIKSCEYIKQNFTPSPFTSEAQ
TAMSLAIKSCEYIKQNFTPSPFTSEAQ
TSICYAIRASNDIIAKFGRHRG

GtP20x
PgP20x
ThP20x
TpP20x
TvP20x
ToP20x
PsP20x
PcP20x
EnP20x

TmP20x TSVAYALKGAEAVVSYLGVS

Fig. 1 continued

Enzyme assay

Pyranose 2-oxidase activity was determined using the
chromogen ABTS [2,2-azinobis(3-ethylbenzthiazoli-
nesulfonic acid)] (420 = 43.2 mM~ ' cm™ ") (Danneel
etal. 1993). The standard 1 ml assay mixture contained
10 pumol ABTS, 20 U horseradish peroxidase,
100 pmol p-glucose, in 50 mM potassium phosphate
buffer (pH 6.5). The reaction was started with the
addition of 20 pl diluted enzyme. Absorbance was
measured at 420 nm and 25°C for 3 min. One unit of
activity was defined as the amount of enzyme necessary
for the oxidation of 2 umol ABTS per min (equivalent
to the oxidation of 1 pmol p-glucose) at 25°C.
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TAMCFAIKGAEEIRRKLGKKGSHSGNRDDGDVDTDTDDDA

653
622
622
622
623
623
623
621
591
564

Bioinformatics

Multiple protein alignment was performed using the
ClustalW algorithm with default settings supplied
with Lasergene v8.0 software (DNAStar). Cladogram
construction was performed using Treeview v1.6.6.
(http://taxonomy.zoology.gla.ac.uk/rod/rod.html).

Results and discussion
Redundant PCR using a number of PCR primer pairs

generated against conserved regions of an alignment
of known pyranose 2-oxidases (de Koker et al. 2004)
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resulted in the successful amplification of a homol-
ogous DNA from G. trabeum using primers derived
from the regions underlined in Fig. 1. Genome
walking using an adapter library yielded the full-
length gene. The G. trabeum P20x gene is predicted
to be comprised of 16 coding exons with a predicted
cDNA of 1,962 nucleotides coding for a polypeptide
of 653 amino acids and a predicted molecular weight
of 72 kDa. The P20x protein is not predicted to have
a cleavable N-terminal secretory signal sequence.

A cDNA for G. trabeum P20x was isolated from
polyA-selected RNA and found to correspond to the
cDNA predicted from genomic material. A multiple
sequence alignment shows that G. trabeum P20x
conserves essential features of other known P20x
including four regions of a predicted FAD-binding
domain, predicted flavin attachment loops and a
predicted substrate binding domain. Moreover, as
described in a structural similarity analysis of Tra-
metes versicolor (Coriolus versicolor) and T. hirsuta,
G. trabeum P20x is conserved at 14 of the 15 identified
strictly conserved residues for the GMC-OXRED
family (Albrecht and Lengauer 2003) (Fig. 1). Gloeo-
phyllum trabeum represents a phylogenetic interme-
diate between a cluster of closely interrelated P20xs
including PgP20x (70% identity to GtP20x as deter-
mined by blastp, http://www.ncbi.nlm.nih.gov, see
Fig. 1 for abbreviations) ThP20x (69% identity),
TpP20x (70% identity), TvP20x (70% identity),
ToP20x (70% identity), PsP20x (70% identity), and
the comparatively less related (PcP20x 46% identity),
and TmP20x (37% identity) (Fig. 2).

Gloeophyllum trabeum P20x was introduced into
an E. coli expression system and analyzed in crude
lysates and IMAC column purified fractions. A typical
experiment resulted in 15 U pyranose-oxidizing
activity per ml of induced heterologous expression
culture. The recombinant P20x was recovered by
IMAC chromatography and shown by SDS-PAGE to
consist of a polypeptide of 72 kDa under reducing
conditions as predicted from the translated cDNA
(Fig. 3).

Given the considerable promise that pyranose
2-oxidase enzymes have in the production of fine
chemicals, antibiotics, carbohydrate modification and
biofuel sensors, the identification of novel P20x
contributes to the pool of candidates for further
characterization and improvement (Gifthorn 2000;
Tamaki et al. 2007). As the first P20x isolated from a

TmP20x

EnP20x

83

PcP20x

100 GtP20x

TpP20x
100

TvP20x
ToP20x

100
PsP20x

PgP20x
100
0.1

- ThP20x

100

Fig. 2 Cladogram of P20x phylogeny. Distance analysis and
tree construction was performed using the neighbor joining
method of Megalign (DNAstar). Numbers within the tree
indicate the percent support after 1,000 replications of bootstrap
analysis. The bar represents 10% estimated sequence difference

72kDa =m

Fig. 3 Analysis of recombinant GtPO2x. Commassie blue
stain of approximately 0.5 pg of GtP20x in a reducing 10%
SDS-PAGE gel showing the recombinant protein comigrating
with a 72 kDa marker using EZ-Run Pre-Stained Rec protein
ladder (Fisher) as indicated

brown-rot fungus, this enzyme appears to represent,
from an identity standpoint, a midpoint between a
tight cluster of described white-rot fungi P20x and a
group of comparatively less related members. Further
understanding of the unique characteristics of this
P20x versus those described for a variety of white-rot
fungi is a matter of ongoing investigation. As efforts
to amend the characteristics of known P20x through
rational design and directed evolution continue, the
recovery of novel P20x provide another avenue to
the identification of candidates with characteristics
best suited to biotechnological utilization (Spadiut
et al. 2008).

@ Springer


http://www.ncbi.nlm.nih.gov

1228

Biotechnol Lett (2009) 31:1223-1228

Acknowledgments We thank Phil Kerston for advice and
discussions and Amber Vanden Wymelenberg for technical
advice. This work was supported by financially supported by
USDA FPL RWU-4517.

References

Albrecht M, Lengauer T (2003) Pyranose oxidase identified as
a member of the GMC oxidoreductase family. Bioinfor-
matics 19:1216-1220

Christensen S, Lassen SF, Schneider P (1999) US Patent
6146865

Danneel HJ, Rossner E, Zeeck A, Gifthorn F (1993) Purifica-
tion and characterization of a pyranose oxidase from the
basidiomycete Peniophora gigantea and chemical analy-
ses of its reaction products. Eur J Biochem 214:795-802

de Koker TH, Mozuch MD, Cullen D, Gaskell J, Kersten PJ
(2004) Isolation and purification of pyranose 2-oxidase
from Phanerochaete chrysosporium and characterization
of gene structure and regulation. Appl Environ Microbiol
70:5794-5800

Giffhorn F (2000) Fungal pyranose oxidase: occurrence,
properties and biotechnical applications in carbohydrate
chemistry. Appl Microbiol Biotechnol 54:727-740

Heckmann-Pohl DM, Bastian S, Altmeier S, Antes I (2006)
Improvement of the fungal enzyme pyranose 2-oxidase
using protein engineering. J Biotechnol 124:26-40

@ Springer

Leitner C, Haltrich D, Nidetzky B, Prillinger H, Kulbe KD
(1998) Production of a novel pyranose 2-oxidase by
basidiomycete Trametes multicolor. Appl Biochem Bio-
technol 70-72:237-248

Leitner C, Volc J, Haltrich D (2001) Purification and charac-
terization of pyranose oxidase from the white rot fungus
Trametes multicolor. Appl Environ Microbiol 67:3636—
3644

Nishimura I, Okada K, Koyama Y (1996) Cloning and
expression of pyranose oxidase cDNA from Coriolus
versicolor in Escherichia coli. J Biotechnol 52:11-20

Spadiut O, Pisanelli I, Maischberger T, Peterbauer C, Gorton
L, Chaiyen P, Haltrich D (2008) Engineering of pyranose
2-oxidase: improvement for biofuel cell and food appli-
cations through semi-rational protein design. J Biotechnol
Nov 27. [Epub ahead of print]

Tamaki T, Ito T, Yamaguchi T (2007) Immobilization of
hydroquinone through a spacer to polymer grafted on
carbon black for a high-surface-area biofuel cell electrode.
J Phys Chem B 111:10312-10319

Vecerek B, Maresova H, Kocanova M, Kyslik P (2004)
Molecular cloning and expression of the pyranose 2-oxi-
dase cDNA from Trametes ochracea MB49 in Esherichia
coli. Appl Microbiol Biotechnol 64:525-530

Volc J, Denisova NP, Nerud F, Musilek V (1985) Glucose-2-
oxidase activity in mycelial cultures of basidiomycetes.
Folia Microbiol (Praha) 30:141-147



	Gene cloning and heterologous expression of pyranose �2-oxidase from the brown-rot fungus, Gloeophyllum trabeum
	Abstract
	Introduction
	Materials and methods
	Microorganisms
	Genomic DNA purification
	Gene cloning of G. trabeum P2Ox
	cDNA purification and cloning
	Heterologous expression of G. trabeum P2Ox
	Enzyme assay
	Bioinformatics

	Results and discussion
	Acknowledgments
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /SyntheticBoldness 1.00
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 524288
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org?)
  /PDFXTrapped /False

  /Description <<
    /ENU <>
    /DEU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [5952.756 8418.897]
>> setpagedevice


